An isomer, with t 1/2 =35 ± 10 ns and J, K π = 14, 14 + , has been observed in the nucleus 176 W using the reaction 150 Nd( 30 Si,4n) at a beam energy of 133 MeV. The isomer exhibits an unusual pattern of decay in which the majority of the flux proceeds directly to states with <K>=0, bypassing available levels of intermediate K. This severe breakdown of normal K-selection rules in 176 W is compared with recent observations of K-violation in neighboring nuclei, within the framework of proposed theoretical approaches. The available data on these K-violating decays seem to have a consistent explanation in models of K-mixing which include large-amplitude fluctuations of the nuclear shape.
Coriolis mixing. A new mechanism that has been suggested to explain these abnormal cases [3, 6] involves large-amplitude quantum fluctuations of the shape away from axial symmetry, measured by the triaxiality parameter γ. Small non-axial ellipsoidal fluctuations cause ∆K = ±2 mixing, and can therefore only cause large-∆K admixtures through higher-order effects.
Large non-axial fluctuations, however, may result in a complete rearrangement of the nuclear wave-function, and cannot be understood perturbatively. Such fluctuations could carry a nucleus from γ=-120
• (an axially symmetric prolate shape with K=J ) to γ=0
• (the same shape with K=0), penetrating a barrier in the potential at intermediate values of γ [3, 6] .
Such a mechanism is referred to as γ-tunneling. The definition of γ adopted here corresponds to the Lund convention.
Our goal in this work was to find experimental observations and theoretical methods that would allow a comparison of simple models of γ-tunneling and Coriolis mixing as descriptions of these anomalous decays of K-isomers. If γ-tunneling is an important mechanism in these anomalous decays, then the measured hindrance factors should vary strongly as a function of the shape and height of the potential barrier between the minima at γ=-120
• and γ=0
• .
In the A∼180 region, the height of this barrier is predicted to vary rapidly with changing proton number, based on calculations of the potential energy surfaces described in section IV. In agreement with these calculations, the measured excitation energies of γ-vibrational bands also show significant changes [7] , reflecting variations in the softness towards triaxial deformations. If Coriolis mixing is the dominant mechanism, then the strengths of the decays should be a function of variables such as the quasiparticle (qp) configuration, the deformation, and the rotational frequency, and should not depend on the shape of the potential energy surface.
The nucleus 176 W is a good candidate for testing these models. It is an isotone of 174 Hf, in which weak branches with large ∆K have been observed [4] in the decay of a K=14
isomer, competing with stronger branches having small ∆K. An investigation of the decay modes of isomers in 176 W at similar spins allows a comparison of these two isotones within the framework of the proposed models. This paper presents the results of a detailed experimental study of both the delayed and prompt gamma decay of 176 W, including the observation of an isomer with an unusual pattern of decay. The broad spectroscopic information contributes vitally to the understanding of the physics of K-isomers, by identifying many of the lowlying intrinsic structures which are the building-blocks for the multi-quasiparticle K-isomers, and by mapping out, as completely as possible, the set of levels available for the decay of the K-isomers. Calculations are also performed and compared with the experimental data.
Partial results of this work have been reported previously [8] .
II. SPECTROSCOPY OF 176 W
A. Experiment
The experiment was carried out at the ATLAS facility at Argonne National Laboratory using the reaction 150 Nd( In all, 45 × 10 6 events were recorded.
In order to extract information on weakly populated K-isomers, the data from the BGO detectors were recorded and analyzed in more detail than is usually required in studies of high-spin states. The energy and time parameters of each individual BGO element were written to tape on an event-by-event basis, in addition to the usual energy and time parameters of the Ge detectors. All times were measured relative to the radio-frequency signal from the accelerator, which is related to the time of arrival of the beam pulse at the target.
The terms "prompt" and "in-beam" will be used interchangeably to indicate gamma-ray transitions occurring during a beam burst (as defined by the timing resolution of the detectors).
The energy and timing information from the BGO detectors was used to create several data sets of Ge-Ge coincidences with different coincidence requirements. In addition to the normal BGO fold (i.e. the number of BGO elements that fired within the coincidence window) and BGO sum energy parameters, a delayed BGO fold parameter was created, defined as the number of BGO elements that fired between beam bursts. This provided an extremely sensitive and efficient coincidence trigger for isolating decays of high-spin isomers.
Gamma-gamma coincidence matrices were constructed with requirements on both total and delayed BGO fold in order to enhance coincidences above, below, and across the isomers.
Spectroscopy of isomers requires an accurate determination of the timing of the detected gamma rays. In addition, an accurate measurement of the intensity of both prompt and delayed gamma rays is extremely sensitive to the requirements on the time parameters.
Therefore, these parameters need special attention in order to correct for the intrinsic changes in timing of the Ge and BGO detectors with variations in gamma-ray energy. Constantfraction discriminators (CFDs), which were used for both Ge and BGO timing, provide a first-order correction for the dependence of the timing signal on the amplitude of the pulse from the detector. In practice, however, variations as a function of energy are observed, both in the mean timing and the timing resolution, due to the inherent physics of the detector's operation. This effect is not automatically corrected for in an efficiency calibration using radioactive sources, for which there is no timing reference and therefore no time parameter.
Incorrect gamma-ray intensities will be extracted from coincidence data if no correction is made. The timing parameters for both BGO and Ge detectors were therefore adjusted offline according to the empirical formula t → t + aE b γ , where a and b were fit to the data.
When setting a coincidence condition around the prompt peak at t 0 in the Ge time spectra, it was necessary as well to vary the width of the coincidence window (and the width of the window for subtracting random coincidences) to accept a fixed fraction of the peak, regardless of energy. The observed widths of the peaks in the time spectra, as a function of energy, were fitted to the functional form w t = cE d γ , and the widths of the time windows
were set accordingly as a function of energy, usually to cover the range of t 0 ± 1.7σ, where σ denotes the standard deviation.
B. Level-Scheme
The complete decay-scheme of 176 W derived in this experiment is shown in Fig. 1 . It includes 148 transitions, about a factor of four more than reported in earlier work [10, 11] .
The energies and intensities of the observed gamma rays are given in Table I , along with the spin assignments of the relevant levels. The intensity of the weakest gamma ray recorded in the table is about 0.025% of the total population of 176 W, corresponding to an absolute cross-section of ∼5 µb. Twelve rotational bands are observed ( Fig. 1) , of which eight are new in this work. The bands with K>0 are labeled in the level scheme by numbers from one to nine to facilitate discussion in the text. The ground-state band (states involving only collective rotation) is referred to as the g band, the lowest configuration containing two rotation-aligned neutrons as the s band, and the band built on the first excited K π =0 + state as the 0 2 + band. The spins of the levels observed in this work were deduced by the method of Directional Correlations from Oriented states (DCOs), with the DCO ratios defined as in Ref. [9] . These ratios are given below where they are relevant for determining the spins of the various band-heads. Quadrupole transitions were found to have DCO ratios clustered around 0.95, and dipoles around 0.45. A more complete list of DCO ratios is given in Ref. [12] . The observation of regular rotational cascades of M1 and E2 transitions throughout the level-scheme served as an additional check on the consistency of the spin assignments.
In the following two subsections, the level scheme is separately discussed for (i) the K=0 and intermediate-K states primarily observed in the prompt spectroscopy, and (ii) the feeding and decay of high-K isomers.
K=0 and Intermediate-K States
The yrast s-band states in 176 W were extended to J π = 26 + . The g band was also extended beyond the backbend to spin 22, and is discussed in more detail below. Many weakly populated, non-yrast structures were first noticed in this experiment because they were fed preferentially by the decay of high-spin isomers. The study of these structures probably would not have been possible with prompt spectroscopy alone. For example, a large number of non-yrast levels of the g, s and 0 2 + bands ( Fig. 1) , were first observed via decay of the 14 + isomer. These non-yrast structures were then extended in prompt spectroscopy. Representative gamma-ray spectra for the g-and s-band states are shown in Fig. 2 . The observation of the non-yrast members of the g band and s band is noteworthy, not just because these states are rarely observed, but also because of their relevance for understanding the highly K-violating decays. In particular, detailed spectroscopy of these bands in the region where they cross and interact allows the extraction of a matrix element for the interaction, and, as discussed in Section IV, this has important implications for testing the role of Coriolis mixing in the decay of high-K states to the g and s bands. transitions were of M2 character, unprecedentedly low hindrance factors would be implied (e.g., F≤1 for the 397 keV transition depopulating band 5, compared to 10 6 -10 10 for a typical M2 transition with ν=6 [2] ). The negative parity tentatively assigned to band 3 (and consequently, to its signature partner, band 4) is based on systematics. This parity assignment is also natural in view of the pattern of decay of band 3 to the g band, in which no quadrupole transitions are observed. For the 397-441 keV sequence near the bottom of band 5, the proposed ordering of transitions is based on the rotational pattern of levels.
Feeding and Decay of High-K Isomers
Two new high-spin isomers were observed in 176 W (Fig. 1) . The more strongly populated one, for which complete patterns of feeding and decay were established, is assigned K π =14 + for reasons explained below. Delayed feeding of yrast states, pointing to the existence of such an isomeric level in 176 W, had previously been reported [10] . An indication of the quality of the data can be gained from the spectra in Fig. 3 . The decay of the isomer, with a measured half-life of t 1/2 =35 ± 10 ns, includes a strongly K-violating branch, connecting the isomer directly to the 14 + member of the ground-state band, as well as other direct branches to levels with K=0. In a previous description of this work [8] , the half-life of this isomer was stated as ∼70 ns. An accurate measurement of the half-life was difficult in this experiment, since it was not possible to use the delayed BGO fold parameter to enhance the peaks whose half-lives were being fitted, since this would have introduced a bias on the time of the decay. In a more recent experiment using the reaction 50 Ti( 130 Te,4n) and a recoil-shadow geometry [13] , the Ge detectors were shielded from gamma rays emitted directly from the target, but were able to detect transitions emitted from recoiling 176 W nuclei that stopped in a Pb catcher foil 17 cm downstream. An event was collected if two Ge detectors and two BGO detectors registered signals in coincidence. Consequently, the peak-to-background ratios of the transitions depopulating the isomer were enhanced by more than an order of magnitude without any use of the delayed BGO fold parameter, thus allowing a much more reliable determination of the half-life, as shown in Fig. 4 . The most significant cause of deviations from the fits lies in the systematic error in choosing the correct amount of background-subtraction for the relevant gamma-ray peak. Other effects, such as the presence of later beam pulses and the feeding of the 35-ns isomer by a higherlying isomer, are less significant. Despite these uncertainties, the half-lives extracted from the 714, 491 and 408 keV transitions, as shown in Fig. 4 , as well as the 558, 440 and 917 keV transitions, all cluster around a value of 35 ns, within the present error bars of ±10 ns. Decay schemes were also constructed for the rotational bands built on the two isomeric band-heads. The technique used to enhance these cascades was the requirement of a delayed coincidence with gamma rays from the decay of the 35-ns isomer, before inspecting the data for coincident transitions with prompt timing. These bands were then investigated further using prompt-prompt coincidence matrices constructed with the requirement of a high delayed BGO fold.
The ordering of the following cascades in the decay of the 35-ns isomer ( Fig. 1) the time spectra gated on these transitions are also consistent with this ordering.
A band was also observed built on a high-K state tentatively labeled K= (13) . This band (band 9 in Fig. 1 ) is very prominent in spectra gated on very high delayed fold and is thus apparently populated partly by the decay of another isomer with even higher spin (Fig. 1 ).
The decay pattern of the K=(13) band-head could not be mapped out entirely because of its fragmentation into many weak branches, nor could the decay scheme of the very high-spin isomer feeding it be constructed. In contrast to the 14 + isomer, the decay of the K= (13) state appears to have a half-life too short to measure with electronic timing, and seems to occur both to K=0 states and to the bands with intermediate K values, such as band 8.
III. DISCUSSION
The most important result of this experiment is the observation of highly K-violating transitions in 176 W leading directly from the K=14 isomer to the K=0 states in the g, s and 0 2 + bands. As noted in section I, there have been several recent observations of transitions with anomalously large values of ∆K in neighboring nuclei in this region. In all these previous cases [3, 4, [14] [15] [16] , however, the anomalous decays constituted only a small fraction of the total decay of the isomer, while the predominant path of deexcitation was one that followed the usual K-selection rules. An exception is the decay of an isomer in 179 W [5] , which involves an accidental degeneracy [25, 26] . In contrast, the novel feature in 176 W is that the majority of the decay of the K-isomer proceeds through highly K-violating ∆K=14 Hf. The ability to compare hindrance factors for the decay of K-isomers with the same configuration in different nuclei makes this pair of isomers a powerful tool for exploring the mechanisms of highly K-violating decays, since it is possible to examine the systematics of the decays while keeping many of the relevant degrees of freedom constant. The spin and K assignments for the states to which the isomer decays, as well as the levels to which no decay branches are observed, are essential to the discussion of variation of the hindrance factors with K-forbiddenness. Therefore, the K=0 and low-K states are discussed first, followed by an analysis of the feeding and decay of the high-K isomers.
A. Rotational Bands With K=0 is always greater than 2V gs . The best source of a lower limit on V gs comes from the interband branching ratios, rather than from the energy levels. Such branching ratios have seldom [17] been measurable in previous experiments. In Table III , the measured ratios, B(E2) out /B(E2) in , for the ∆J=2 transitions within and between bands are compared to simple two-band-mixing calculations [17] for different values of |V gs | , where "out" refers to the out-of-band branch (g→s or s→g) and "in" to the in-band branch (g→g or s→s). The best agreement between calculations and experiment is obtained with |V gs |≈ 30 -33 keV.
The ratios are largest near the crossing of the two bands (between J=16 and 18), where the mixing is the greatest. Although the measured values do not all overlap with the calculated numbers within statistical errors, it should be noted that while the ratios span two orders of magnitude, the values calculated under the simple model assumptions mentioned above are within a factor of 5 of the experimental numbers. A value of |V gs |≈32 keV is adopted below for the discussion of possible mechanisms for the K-violating decays.
At high spins, a large but gradual increase is observed in the moment of inertia of the g band, as evidenced by the curvature of its E versus J(J+1) trajectory in Fig. 6 . Similar effects were observed, e.g., in 179 W [18] , where the yrast band was also observed to high rotational frequencies. When this type of gradual increase is observed, it has been shown [19] [20] [21] that it is not possible, based only on the observed energy levels, to separate the contributions of centrifugal stretching, Coriolis anti-pairing, and gradual quasiparticle alignments.
Calculations using the cranked Nilsson-Strutinsky code of Ref. [22] Such deformation changes may be partially responsible for the complicated alignment curves observed in the yrast sequences of the W isotopes [21, 23] . It has also been suggested that quadrupole pairing plays a role [24] in the alignment processes in this region, although the effect is predicted to be far more pronounced in the odd-Z systems.
It has been debated [25, 26] whether the structure referred to here as the s band might in fact involve two quasineutrons coupled in the novel Fermi-aligned scheme [27] , in which the quasineutrons create a state with non-zero <K> = <J z >, as well as a non-zero rotational alignment, <J x >. This coupling scheme is predicted to arise from a balance between the mean field and the Coriolis force, and is stable for certain ranges of values of the rotational frequency, pair gap, and Fermi level. This coupling scheme, however, cannot apply to the band presently being discussed for the following reason. The band shows a nearly perfect pattern of J(J+1) level-spacings ( Fig. 6 ) from spin 12h to spin 26h, implying a constant rotational alignment. Thus, only one coupling scheme is involved in this range of spins.
Since, even in the most favorable cases, the Fermi-aligned coupling scheme is not predicted [27] to be stable at rotational frequencies as high as those observed here (ω > 0.35 MeV), the entire sequence of states is assigned to a rotation-aligned configuration ("s band"), with 6 , where these levels have been included). Furthermore, the levels from 2 + to 10 + of the 0 2 + band in 176 W are nearly identical (gamma-ray energies differing by <8 keV) to the corresponding levels of the 0 2 + band in 178 W [7] , which has been observed down to the K=0 bandhead. The log ft values are very similar (log ft=6.7 and 6.9, respectively [28, 29] The observation of the crossing between the s band and the 0 2 + band is noteworthy, since it has only been observed in a few cases [17, 30, 31] . The band built on the first excited 0 + state is often labeled as the β-vibrational or "β-band." The extrapolated band-head energy of 0.9 MeV is considerably lower than that expected for a 2-quasiparticle (qp) state, but attempts to associate such states in this region with simple collective modes like β-vibrations or pairing vibrations have failed to reproduce the available data on electromagnetic and particle-transfer matrix elements [32] [33] [34] [35] . We therefore avoid the label "β-band" in this paper. The measurement of the interaction V 0 + 2 ,s in this work may test future theoretical descriptions of these low-lying excitations.
B. States With Intermediate Values of K
A large number of intermediate-K states is observed in this experiment (bands 3-8 in Fig. 1 ), and most of these can be assigned 2-qp configurations with some confidence. In this section, we discuss the structures of these states, and compare their properties with the results of cranked Woods-Saxon calculations performed using the computer code and the "universal" parameters described in Ref. [36] . Cranking calculations can only determine angular momenta and Routhians relative to some additive reference. We have chosen as the reference a function ℑ = ℑ 0 + ℑ 1 ω 2 , with ℑ 0 =43h 2 MeV −1 and ℑ 1 =80h 4 MeV −3 fitted to the moment of inertia of band 6 as a function of rotational frequency, because this band is observed over a large range of rotational frequencies.
Bands 3 and 4 require a short preface since it is not entirely clear that 2-qp assignments are appropriate for these bands. Based on previous data, it had been suggested [10] that these sequences might correspond to two of the four members of the octupole-vibrational multiplet
Such an interpretation would require the existence of band-heads with K<4, which might not have been observed in previous experiments purely because of the early depopulation of these bands into the g band. The present, more sensitive experiment has, however, failed to reveal any further in-band transitions leading to bandheads with K<4, calling the vibrational interpretation into question. As shown below, many of the characteristics of these bands can be understood naturally if they are the two signature partners of a two-quasiproton band with K=4. We will briefly note below some of the successes and failures of such a description.
A first step in classifying the intermediate-K band-heads as two-quasiproton (π 2 ) or twoquasineutron (ν 2 ) states is to examine the systematics of the band-head energies in nearby nuclei (Fig. 7) No attempt is made here to discuss band 7 in detail, since its parity and K are unknown.
C. High-K States
In the following discussion, the data for the high-K states are compared with the results of cranking calculations. The Woods-Saxon potential, as described above for the intermediate-K, 2-qp states, is used wherever possible because of its somewhat better description of the structure of the quasiparticle levels. The modified harmonic oscillator (Nilsson) model was used, however, for the calculation of potential energy surfaces in Section IV, since a computer code was available [22] which could transform the calculation from the rotating frame into the laboratory frame. This allowed potential energy surfaces to be constructed for a fixed value of <J x > rather than for a fixed rotational frequency. For these calculations, described in more detail below, the Nilsson parameters of reference [37] were used.
To understand the unusual pattern of decay of the 14 + isomer, it is important to analyze both the decay of the isomer and the rotational band built on it in order to obtain as many clues as possible regarding its underlying structure. 
The observed B(M1)/B(E2) branching ratios agree very well ( Little can be said regarding the configuration of band 2, since the spin and parity of the 10-ns isomer, on which the band is built, are unknown.
D. Summary of Data on the Decay of the High-K States
The most striking observation in this experiment is that the decay of the 14 + isomer deviates completely from the normal pattern of decay of a K-isomer. example, the absolute hindrance factors differ by more than two orders of magnitude. In the following section, the focus is on trying to understand this large difference in absolute hindrance factors.
IV. CALCULATIONS FOR DECAYS OF HIGH-K ISOMERS
Since the first observations [3] [4] [5] of gamma-ray transitions between states with large values of ∆K but anomalously low hindrances compared to the usual K-selection rules, it has become necessary to reevaluate old assumptions about K-violation, as one would like to understand the mechanism responsible for these exotic decays. Since the decays arise from small-probability fluctuations in the K quantum number, it is not possible to gain direct insight into the decay mechanisms by measuring quantities such as excitation energies or electromagnetic moments and transition rates. At present, the mechanisms of K-violation can only be addressed by comparing the K-violating transition strengths with theoretical calculations.
In this section, the focus is on understanding why differences of several orders of magnitude exist between the strengths of the ∆K=14 transitions in 176 W and 174 Hf. As discussed in section I, two suggested mechanisms that might be responsible for coupling states with different values of K are γ-tunneling [3, 6] and Coriolis mixing [4] . The Coriolis force mixes wave-functions corresponding to the same shape but oriented differently with respect to the angular momentum vector. In contrast, γ-tunneling involves large-amplitude collective motion in which the shape of the nucleus changes.
The distinction between these two modes of K-mixing can be tested empirically: Coriolis Here, j max is the maximum spin to which the two neutrons can be coupled subject to the Pauli exclusion principle, and i is their rotational alignment. The alignments of the s bands f∼100, but with a smaller degree of K-violation, ν ′ = ν−K max . Although decays are also observed to the g-band states, such decays are attributed in this model [4] to mixing of the g-and s-band configurations in the band-crossing region, so that the hindrance factors
is the squared amplitude of the part of the pure s-band wave-function having K=K max , and states. This is undoubtedly a very schematic treatment of Coriolis mixing; the objective was not to calculate the effect, but simply to search for the expected trends in the data and to evaluate whether the orders of magnitude were in the right range. The lack of correlation between the hindrance factors and the s-band admixtures, however, seems very difficult to explain in any model of Coriolis mixing.
B. Calculations of γ-Tunneling
The failure of the Coriolis mixing picture leads one to consider a possible interpretation of these decays in terms of a γ-tunneling picture. The mechanism is schematically illustrated in Fig. 11 . Dynamic motion in the shape degrees of freedom of nuclei is often very difficult to describe theoretically, as small-amplitude shape vibrations are usually coupled strongly to the single-particle degrees of freedom. Tunneling processes, therefore, could be extremely important, because they represent a possible simplification of the dynamics. When a nucleus tunnels through a classically forbidden region along a path parametrized by a deformation γ, the wave-function is attenuated exponentially, falling off by 1/e over a distance δγ ∝
, where E 0 is the energy eigenvalue of the state, and the potential, V(γ), is defined as the minimum adiabatic value of the energy at any value of γ. To give some perspective, it is worth nothing that even when the decay of a K-isomer occurs with an abnormally low hindrance, the hindrance factor F is still on the order of 10 4 -10 6 or larger [3] [4] [5] . Thus, if tunneling is responsible for these decays, the attenuation is extremely severe.
Any motion through non-optimal single-particle configurations with E>V should, therefore, be strongly attenuated, with the attenuation length reduced to δγ ∝ (E-E 0 ) −1/2 . Tunneling processes may be the only type of collective nuclear motion other than rotation for which an adiabatic approximation is justified. For an adiabatic quantum-mechanical tunneling process, the only quantities needed to calculate the tunneling probability are the potential, V, and the inertial parameter, D, which corresponds to the mass in the Schrödinger equation and is discussed in more detail below.
In the present work, the potential energy has been calculated as a function of γ for the K=14 isomers in 174 Hf and 176 W with the cranked Nilsson-Strutinsky method, using the computer code described in Ref. [22] . In these calculations, the deformation parameters ǫ 2 and ǫ 4 , as well as the static pair gaps ∆ p and ∆ n , were all varied self-consistently, i.e.
the γ-tunneling path is assumed to be the path of steepest ascent to the saddle-point and steepest descent from the saddle-point. The cranking frequency was varied to provide a constant value of <J x >, and particle-number projection was employed. A step-size of 10
• was used for γ. Considerable variation was found in ǫ 4 as a function of γ, with values of ǫ 4 ranging from 0.00 to 0.05, and it was found that a proper self-consistent variation of ǫ 4 was necessary for an accurate determination of the potential energy surfaces. The parameters ǫ 2 , ∆ n and ∆ p showed variations as functions of γ, but remained within about 10% of their average values. The calculated potential energy curves are shown in Fig. 12 . A summary of some of the calculated parameters is given in Table VI .
In an adiabatic model, the information on the dynamics is contained in the inertial parameter. At present, the dynamics are not understood well enough to allow an accurate calculation of this quantity from first principles. One fact that seems to emerge from all microscopic approaches [6, 39] is that superfluidity in nuclei has an important effect on the inertial parameters. Another approach is to take a phenomenological functional form for the inertial parameter and to fit adjustable parameters to the available information on properties of nuclei. The results of such an approach [40] fall within the range of values calculated from the microscopic methods. It is worth noting, however, that the starting point for such a fit is the observed transition rates for tunneling processes as observed in the decays of fission isomers [40] . From this point of view, experiments involving tunneling processes could directly measure the inertial parameters. Such a program might be a reasonable one to pursue for K-isomers in the long run, but first it must be established whether a γ-tunneling approach can provide a reasonable description of the data. This is the more modest goal of this paper. As is explained in more detail below, the calculations factor out most of the effect of the inertial parameter, and the final results are inspected to see whether they can approximately reproduce the data for a reasonable choice of the inertial parameter. with the Gaussian width used as a variational parameter. Since the isomers are ∼1 MeV higher in energy than the yrast levels with the same spin, it is assumed that the dominant contribution to the decay comes from tunneling from the minimum at γ=-120
• to the one at γ=0
• (giving low-K admixtures in the initial state), rather than from tunneling in the opposite direction (which would result in high-K admixtures in the final state).
As explained above, the philosophy adopted here is one of extracting the inertial parameter, D, and comparing it with various a priori estimates. There are two ways in which D, which is assumed to remain constant with γ, affects the calculated hindrance factors. The more important one is the explicit dependence of the tunneling probability on D. In addition, the zero-point energy also depends on D (E zp ∼ √ D for a harmonic well). Neglecting the latter for the moment, simple algebra yields ln
In other words, in a log-log diagram of F exp vs F calc , the slope is proportional to D 1/2 , and a change in S shifts the data-points horizontally. The slope equals 1 for the correct value of D, and this is essentially the method used here to extract values of D from the data, although the minor dependence of E zp on D has also been taken into account, as shown below.
To describe consistently the variations of the tunneling probabilities from nucleus to nucleus, it is necessary to recognize that a systematic variation in the inertial parameter is to be expected, depending on actual deformations and pair gaps. Various microscopic models predict a variation of the inertial parameter proportional to ∆ −2 [6, 39] , and variation with the deformation is expected [40] to result in an ǫ 2 2 dependence. We have therefore made the following modification: ln
and R ∆ is an appropriately chosen function of ∆ p and ∆ n . The value of ǫ The quadrupole deformations, ǫ 2 , have been taken from the calculated values at the saddle point. The reference value of R ∆ (denoted as R ∆ (0) ) was fixed at 1.21 MeV −2 , the value for 174 Hf. A summary of the dynamical quantities for the 14 + states is included in Table VI .
Before comparing theory and experiment for the 14 + isomers, the model was tested on a series of 6 + isomers in nuclei in this region. Data are available for a large sample of nuclei, all having 6 + isomers decaying through transitions of the same E2 multipolarity, and the decays to the 4 + levels of the (K=0) ground-state bands represent an excellent test of the predictive power of the model. The results of the calculations, shown in Fig. 13 , exhibit a clear correlation between the calculated and observed hindrance factors. The correlation between F exp and F calc is not significantly affected, for example, by the specific choice of the functional form of R ∆ , although the slope of the line is subject to some change, introducing some ambiguity in extracting a value of D. Subject to this uncertainty, the inertial parameter required to fit the data is D ∼ 30 MeV −1h2 rad −2 , which is of the right order of magnitude compared to a previous estimate of ∼13 MeV −1h2 rad −2 at zero spin [40] .
Returning to the K=14 isomers, the results for 176 W and 174 Hf are shown in Fig. 14 .
As in the case of the 6 + isomers, the tunneling calculations reproduce the variations of the hindrance factors. The extracted inertial parameter is D∼60 MeV −1h2 rad −2 . Remembering that the absolute hindrance factors span many orders of magnitude, it is encouraging that data on the 6 + and 14 + isomers can be reproduced with values of the D that are of the right order of magnitude compared to the estimate of Ref. [40] . It should be re-emphasized that the goal here was not to extract an accurate value of D, but simply to investigate the possibility that systematic variations in the hindrance factors can be understood using values of ϑ is a subject of much current theoretical work [42] [43] [44] [45] [46] [47] .
A schematic method for understanding the fluctuations in the orientation or "tilting"
angle ϑ has been suggested recently [48] , in which a spectrum of states is calculated near the yrast line, corresponding to a variety of K-values. These states are subsequently coupled together with randomly chosen matrix elements. The matrix elements are assumed to vary
, where V 0 and f V are phenomenological parameters to be fitted to the data. Matrix elements connecting states with | K i − K j |> 1 are intended to describe the non-axial shape fluctuations. The hindrance factors thus calculated are mainly sensitive to the level densities.
In order to evaluate the applicability of this model to the present data, we have calculated the spectrum of J=14 states located near the yrast line in 176 W using the unified model. The intrinsic states came from calculations using the Nilsson model [22] , with particle-number projection to avoid the introduction of spurious particle-particle and hole-hole states for configurations involving quasiparticles far from the Fermi level. A deformation of ǫ=0.23
was used, and the pair gaps were adjusted to reproduce the typical energy differences among 0-qp, 2-qp and 4-qp states. The moments of inertia were taken to be ℑ=36, 46, 56h 2 MeV −1 , for 0-qp, 2-qp, and 4-qp states, respectively. In contrast to the calculations of Ref.
[48] where all states were included, only the states with the same spin and parity were considered. Rotational-alignment effects were ignored in these calculations for simplicity, 
V. CONCLUSIONS
Until the last decade, it appeared that a satisfactory understanding of the systematics of K-violating transitions had been achieved [2] , with universal hindrance factors of about 100 per degree of K-forbiddenness. More recent data [3, 4] , including the present work, have now shown that significant deviations from the previously established systematics can occur. In particular, a K=14 four-quasiparticle isomer was found in 176 W for which these deviations represent the only detectable mode of decay; the usual decay paths, which tend to minimize the degree of K-violation, were not observed at all. The decay of this isomer is even more intriguing when compared with the decay of another K=14 isomer, with an identical configuration, in the neighboring nucleus 174 Hf, where the hindrance factors for similar (a) Intensities normalized to total intensity (gamma plus internal conversion) of the 108 keV transition (100%). All intensities are from coincidence spectra, with conditions on the number of detectors firing (at least two Ge detectors and ten BGO detectors).
(b) Based on theoretical internal conversion coefficient.
(c) Transition in cascade connecting band 9 to band 8.
(d) Intensity from a coincidence spectrum with conditions that both Ge detectors fire in- 
